Summary
To elucidate the pathogenesis of hyperlipidemia in chronic renal disease in children and adolescents, we have measured serum triglyceride, total cholesterol, high density lipoprotein cholesterol (HDL-C) and activities of postheparin plasma lipoprotein lipase and hepatic triglyceride lipase (EC 3.1.1.3) in nine patients with transplants, and nine hemodialyzed and 18 conservatively treated patients with chronic renal failure. In 29 of 36 patients, serum insulin levels both in fasting and in response to oral glucose load were measured. The lipase activities were measured separately, utilizing antiserum against hepatic triglyceride lipase.
All groups of patients had hypertriglyceridemia. The patients with endogenous creatinine clearance less than 20 ml/min/m" had a low HDL-C level. The HDL-C level was correlated inversely with serum triglyceride level and positively with glomerular filtration rate. The lipoprotein lipase activities were low in patients with endogenous creatinine clearance less than 20 mljminj m', Although hepatic triglyceride lipase activities were not significantly low in any groups of patients, they were correlated with glomerular filtration rates in the conservatively trea ted patients with chronic renal failure. A defective triglyceride removal due to low lipase activities may contribute to uremic hypertriglyceridemia in these patients. On the other hand, patients with transplants had almost normal lipase activities and exhibited hyperinsulinemia; overproduction of triglyceride due to hyperinsulinemia may contribute to their hypertriglyceridemia . The relative roles of triglyceride overproduction and decreased clearance in the production of the hypertriglyceridemia associated with renal failure is still poorly defined ( 19, 22, 23) . In particular, the relative roles of hyperinsulinism and of the activities of hepatic and lipoprotein lipases in the production of hyperlipidemia remain to be elucidated (1, 2, 7, 10, 12, 16).
The present study has been designed to test the hypothesis that different mechanisms may contribute to the hyperlipidemia associated with conservatively treated chronic renal failure than affects those patients actively treated. Specifically, the study tests the hypothesis that changes in lipase activities and changes in insulin concentrations may differentially contribute to the hyperlipidemia in conservatively and actively treated patients.
Further, this study, confined to children, obviates the complication in interpretation of results reported in many previous studies (5, 9, 13, 14, 23) in which patients with significant glucose intolerance have been included. Finally, to our knowledge, there is no prior study in children that is as exhaustive in defining the changes in lipid metabolism that are associated with renal failure . Particularly, there are little data on the changes in lipase activities.
In this study, we have measured by a selective specific immunochemical method postheparin plasma LPL and HTGL (EC 3.1.1.3) acti vities in three groups of patients; those conservatively treated and those treated with either hemodialysis or transplantation. These activities have been compared with measurements of total serum triglyceride and cholesterol, HDL-cholesterol, and insulin responses to oral glucose challenge. The data suggest differing etiological factors are associated with anomalies in lipid profiles in these different groups.
MATERIALS AND METHODS
Nine post-transplant patients and 27 patients with various degrees of impaired renal function were studied. The underlying renal diseases were chronic glomerulonephritis in 22 cases, hypoplastic kidney in seven, and other causes in seven. None had hypoalbuminemia «2.5 g/dl), diabetes mellitus, or other endocrine diseases known to affect lipid metabolism. None was excessively over-or underweight. They were divided into five groups as follows. The first group consisted of transplant recipients, the second was patients on maintenance HD, the remaining patients had chronic renal failure which was mild (CRF I), moderate (CRF II), or severe (CRF III). There were nine (seven males and two females) Tx patients in the study with endogenous creatinine clearance (Ccr) of more than 20 ml/min/rrr'. Transplantation had been performed 3 to 35 (mean 21) months before this study. Patients were under no dietary restriction, but receiving immunosuppressive therapy with cytotoxic agents and methylprednisolone (0041 ± 0.10 rug/kg/day).
There were nine patients (four males and five females) on HD for I to 82 (mean 44) months. Dialysis was performed for 4 to 5 h three times weekly using Hollow Fiber Kidney (Asahi Medical, Kurare, Tokyo, Japan). The dialysate contained 0.2% dextrose and 33 mM acetate. The dose of heparin during HD was 20 to 25 V/kg (IV bolus) followed by a constant infusion of 20-25 V/ kg/h. To minimize the effect of this heparin administration, these patients were studied 3 da ys after the last HD. They were maintained on a constant renal diet, containing 90 % of the recommended daily caloric allowance for children, with a protein intake of between 1.35 to 2.0 g/kg/day, depending on the age of the patient.
There were 18 (13 males and five females) conservatively treated patients with CRF. They were assigned to CRF I, CRF II, and CRF III, according to the degree of renal insufficiency (CRF I, c,~20 ml/rnin/rn"; CRF II, 6~c. < 20; CRF III, c, 5 ml/min/m"), These patients were maintained on a constant renal rliet. aeain containina 90 % of the recommended daily caloric allowance for children, with a protein intake of between 1.0 and 1.3 g/kg/day, Twenty-two nonobese, normal children (13 males and nine females) , ages 6 to 15 years, served as controls. With the exception of one female Tx patient of 19 years, all patients were under 18. The mean age was 11 ± 1 years. Wit~in this group of patients, no independent age-related correlation was noted with an y of the indices measured. This result is supported by data indicating that changes in serum lipoprotein profile are small prior to completion of sexual maturation (15) . Written informed consent was obtained from the parents of each study and control subject.
Blood samples were drawn after an overnight fast. Serum samples obtained before heparin administration were used for the determination of TG, TC and HDL-C Blood samples for the lipase assay were drawn after IV administration of 10 V /kg body weight of heparin (Novo, Denmark), into tubes containing a final EDTA concentration of 0.1 %. The plasma was immediately separated at 4°C and stored at -80°C until enzyme activities were measured. Twenty-nine of the 36 patients underwent the oral glucose tolerance test (1.75 g/kg ideal body weight administered as 33% glucose solution) on a different day. Glucose tolerance was normal in all subjects studied, judging from the criteria recommended by the Research Committee of Juvenile Diabetes (the Ministry of Health and Welfare, Japan) (11).
The activities of postheparin plasma LPL and HTGL were measured according to the immunochemical method described by Murase et al. (17) , utilizing antiserum against the latter enzyme. The antiserum was prepared by immunizing a rabbit (four times at 2-week intervals) with HTGL, which was partially purified by heparin-Sepharose affinity chromatography from 50 ml of human postheparin plasma. Figure I shows the specificity of the antiserum. The antiserum inactivated the act ivity of HTGL purified on the affinity column almost completely, whereas it had no effect on the purified LPL. The two lipase activities in postheparin plasma were separately measured using this antiserum. Lipolytic acti vity was assayed as follows. The substrate was a mixture of 2 p,Ci of glycerol tri [l-14C]0Ieate (Amersham/Searle Corp., Arlington Heights, IL), 0.133.g triolein (Sigma Chemical Co. , St. Louis , MO) 0.9 ml of 4% bovine serum albumin solution (pH 8.6),0.9 ml of I% Triton X-IOO, and 10.2 ml of 0.2 M Tris-HCI buffer (pH 8.6). The mixture was sonicated on ice with an ultrasonic disruptor (VR-200P, Tomy Seiko Co ., Tokyo) for 3 min at 80 watts . This substrate (004 ml) was mixed with pooled human plasma (0.1 ml) and 0.2 M Tris-HCI buffer containing 4% bo vine serum albumin (pH 704) (0048 ml), and incubated with 20 p,1 of postheparin plasma for 30 min at 37"C Free fatt y acid liberated by hydrolysis was extracted and the radioactivity was counted by the method of Schotz et al. (24) .
The enzyme activity was expressed as micromoles of FFA/ml/ h. The inactivation of HTGL activity was carried out by incubating postheparin plasma with antiserum for 60 min at 4°C The remaining lipolytic activity (LPL) was assayed , and the HTGL activity was then obtained by subtracting this value from total lipase activity.
From the result shown in Figure 1 , the antiserum in an amount of one-fourth of the volume of postheparin plasma was used in the usual assay. Figure 2 shows the time course studies conducted in seven of 22 control children. Both lipase activities appeared in plasma very fast and reached maxima at 5 min after heparin injection. From this, clinical samples of postheparin plasma were collected 5 min after administration of heparin. Serum TG and TC were measured enzymatically and HDL-C was determined after precipitation by phosphotungstic acid (3). Serum immunoreactive insul in was measured by a commercial kit (Amersham, Buckinghamshire, England). All data are presented~s mean ± SEM. Statistical evaluation was performed by analysis of variance and by the least squares linear regression analysis. summarized in Table I . In each group, TG levelwas significantly higher than in controls (P < 0.00 I). The serum TG level in Tx was lower than those in HD (P < 0.01) and CRF III (P < 0.02).
Although the serum TC levels in Tx and HD were similar to controls, those for patients in CRF groups I (P < 0.01), II (P < 0.01), and III (P < 0.02) were higher than in controls. Serum HDL-C level in Tx and CRF I were similar to controls, while those in CRF II (P < 0.01), HD (P < 0.001), and CRF III (P < 0.001) were lower than in controls. The HDL-C value was higher in Tx than in HD (P < 0.001) CRF II (P < 0.05) and CRF III (P < 0.01). In all patients, there was an inverse correlation between serum TG and HDL-C levels(r= 0.441; P< 0.01; Fig.  3a) . Neither serum TG nor TC levels were correlated with Ccr, whereas the serum HDL-C levels in Tx and in CRF I, II, and III Table 1 . The LPL activities in HD (P < 0.001), CRF II (P < 0.05), and CRF III (P < 0.01) were lower than that in controls, whereas those in Tx and CRF I were similar to that in controls. Although the HTGL activity was not significantly decreased in any of the five groups of patients, it was positively correlated with the logarithmic value of Cor in CRF I, II, and III (r = 0.659; P < 0.005; Fig. 4 ), as well as Tx (r = 0.768; P < 0.025; Fig. 3c ). There was no apparent direct relationship between either LPL or HTGL activity and any of the individual serum lipids measured (TG, TC, HDL-C).
Serum insulin levels. The fasting serum insulin levels and the insulin areas under the curve in response to the oral glucose tolerance test for the patients are summarized in Table 2 . The fasting serum insulin level in Tx was higher than in HD (P < 0.01) and CRF I (P < 0.05), II (P < 0.05), and III (P < 0.05).
Similarly,the total insulin release (as indicated by the area under the curve) in Tx was higher than in HD (P < 0.01) and CRF I (P < 0.05), II (P < 0.05), and III (P < 0.01). The serum insulin area did not correlate with Ccr or with the dose of steroid in Tx. In the patients of the other four groups who were not receiving steroid therapy, the serum insulin area was not positively correlated with but rather showed a weak inverse correlation with serum TG level (r = -0.473; P < 0.05; Fig. 3d ).
DISCUSSION
Hyperlipidemia is common in both adults (13) and children (21) with CRF and renal allograft recipients. From the studies in adults, it has been postulated that the impaired catabolism of triglyceride-rich lipoprotein due to a selective decrease in either LPL (10) or HTGL (2, 16) or both (1, 7, 12) is a contributing factor to the hypertriglyceridemia in patients with CRF. On the other hand, several reports suggest that overproduction of TG may also contribute to uremic hypertriglyceridemia (5, 6, 19, 22) . Papadopoulou et al. (20) .have reported that hyperlipidemia occurred early in the course of CRF in children, and that hypertriglyceridemia increased as renal function deteriorated.
It has been proposed that lipase activities and insulin levels may contribute differentialy to the hyperlipidemia observed in patients with chronic renal failure treated conservatively and those treated actively. We will consider comparisons of lipid profiles, lipase activities, and finally insulin concentrations between groups. * Tx, patients after renal transplantation (C;~20 ml/min/rrr' ). HD, patients on maintenance hemodialysis. FAA, free fatty acids. CRF I, CRF II, and CRF III, conservatively treated patients with chronic renal failure (CRF I, Cor~20; CRF II, 6~Cor <20 ; CRF III, Cor~5 ml/min/rrr'). a P < 0.00 I, b P < 0.0 I, c P < 0.05, d P < 0.02 (as compared with controls) ; e P < 0.0 I, f P < 0.00 I, g P < 0.05, h P < 0.02 (as compared with Tx). failure, all patients had hypertriglyceridemia including hernodialyzed patients and transplant recipients, whereas the total cholesterol level was significantly elevated only in those patients treated conservatively. The patients with more severe renal failure"had the lower HDL-C levels. Similarly, those with severe renal failure had low LPL and HTGL activities. The hypertrig1yceridemia and the decreased HDL-C level in CRF reported in this study confirm the results of previous studies in children (20) and adults (16) . The inverse correlation between serum TG and HDL-C levels in our patients was in keeping with the view that low HDL-C levels in hypertriglyceridemic states are the result of reduced TG metabolism (18) .
Of most interest are the data on HTGL and LPL activities in these patients. As shown in Fig. 4 , there is a significant positive correlation between creatinine clearance and HTGL activity in patients with CRF conservatively treated (CRF I-III). Similar correlation was also observed in transplant recipients, treated as a separate group (Fig. 3c) . That is, the lower HTGL levels were observed in those patients with the most severe renal failure (CRF III and HD; Fig. 4) . Similarly, the LPL activity was low in those patients with severe renal failure. Utilization of the data limited to those presented here did not show a significant correlation between creatinine clearance and LPL activity. However, such a positive correlation was observed when additional patients were added. (These patients were not included in the full study due to incomplete data but did have LPL and Ccr assays.) Thus , ;P< 0.05.
both lipase activities tended to decrease as renal function deteriorated in patients conservatively treated. In contrast, although transplant recipients maintained mild hypertriglyceridemia, they had normal lipase activities. There is a possibility that repeated administration of heparin in HD patients may be a factor in the observed abnormality of postheparin plasma lipase activities in this group. However, Huttunen et al. (12) have reported that lipase activities were not affected by hemodialysis in his patients, nor were these activities affected by intermittent heparin administration at 2-day intervals in healthy adults. Thus, it is likely that the decrease of LPL activity in HD patients is due to the metabolic derangement of uremia rather than heparin-induced depletion. It would appear that the observed decrease of both lipase activities is the result of impaired renal function and that decreased LPL activity and, possibly, decreased HTGL activity contribute to uremic hypertriglyceridemia. Further, the data indicate that these changes can be partially reversed by transplantation.
Comparison of plasma insulin concentrations (basal and stimulated) between conservatively treated patients and those treated with transplantation revealed significantly higher insulin levels in the latter group. That is, the transplant recipients had hypertriglyceridemia with normal lipase activities but higher insulin levels than in the conservatively treated group. Thus, in the group of children with transplanted kidneys, the mild hypertriglyceridemia observed may be due to hyperinsulinism leading to overproduction of triglyceride. However, as these patients were treated with steroids, the observed effects could be partly due to this therapy (4, 14) .
There are several reports in adults suggesting that overproduction of TG may lead to hypertriglyceridemia in renal failure (5, 6, 19, 22) . Some studies also suggest that hyperinsulinemia may contribute to this hypertriglyceridemia (5, 22) . It has been also demonstrated that hyperinsulinemia or glucose intolerance due to insulin resistance occurs in older patients with uremia (8) . These abnormalities may cause both an increase in hepatic TG secretion and a decrease in TG removal. In some ofthese reports, a positive correlation between the degree of hyperinsulinemia and triglyceride level was observed. However, no such comprehensive data have been reported in children, although it has been reported that fasting insulin levels were elevated in children on hemodialysis (9) .
Neither LPL nor HTGL activity was statistically correlated with any of the individual serum lipid levels measured. It has been reported both in adults (19) and children (20) that the hypertriglyceridemia occurs early in the course of renal insufficiency. In the present study, hypertriglyceridemia was observed even in patients with mild renal failure who had normal lipase activities. In such patients, other factors may be responsible for the development of hypertriglyceridemia (23).
In conclusion, decrease of lipase activity may contribute to hypertriglyceridemia in patients with conservatively treated severe renal failure, while overproduction of triglyceride due to hyperinsulinemia rather than a defective triglyceride removal may be a factor for the hypertriglyceridemia in transplant recipients. Hyperlipidemia in mild renal failure in the absence of detectable anomalies in lipase activities or insulin levels suggests the presence of other etiological factors in this group of patients.
